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Engaging Learners with Plot Twists 
“I wish we didn’t have to stop reading!” Karissa exclaimed as she transitioned from 
language arts into math. Karissa’s reaction to the novel her class was reading is not atypical. 
Elementary teachers regularly observe students’ emotional reactions as they read literature, 
participate in science labs, or discuss history. Listening to her excitement, it is reasonable to 
wonder if a mathematics lesson could have her as invested and interested as she was in 
continuing her reading. How often do students experience excitement, intrigue, or delight in our 
elementary mathematics classrooms?  How can such aesthetic experiences be achieved?   
One way to recognize how mathematical lessons can be stimulating for children is to 
interpret them as stories. If mathematical lessons follow a structure similar to that of a story, they 
can build anticipation, create surprise, and even generate intrigue (Egan, 1988). To support the 
design of mathematical lessons with these types of aesthetic opportunities, we have developed a 
Mathematical Story Planning Framework. This framework explains how mathematics can 
unfold in a way that enhances our students’ aesthetic experience (such as gasping in surprise) 
while expanding their mathematical knowledge.  
Although creating interesting mathematical experiences for our students seems a 
worthwhile goal in and of itself, research suggests that interest improves student learning too. 
Specifically, when the interest of students is triggered by what is being learned, students are 
more engaged, attentive, and thus better positioned to perceive and gain new knowledge (Hidi & 
Renninger, 2006). In this article, we describe the Mathematical Story Planning Framework and 
model how one of us (the lead author) used it to create, teach, and reflect on a fifth-grade lesson 
on measurement.  
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The Mathematical Story Planning Framework 
Recently, researchers and teachers have begun to interpret mathematics lessons as 
mathematical stories (see, for example, Dietiker, 2015, 2016; George, 2015) in order to design 
lessons that draw students into the mathematical questions under pursuit. A mathematical story is 
a sequence of mathematical activities that connects the beginning of a lesson with its ending. The 
story advances in a sequence of acts, which are parts of a lesson during which new mathematical 
ideas are introduced and developed. The mathematical characters of these stories are the 
mathematical objects of the lesson, such as fractions, rectangular prisms, or arithmetic 
expressions, while the mathematical actions are procedures, such as adding two numbers. 
Typically, mathematical characters and actions become more complex as a lesson unfolds. 
Although “story problems” are examples of mathematical stories, we contend that mathematics 
lessons can be interpreted as stories whether or not they contain a contextual situation. 
The acts within the mathematical story can often be sequenced in a way to create 
anticipation or tension (rising action), leading to a surprising plot twist (Dietiker, 2016). When 
this happens, students are motivated to grapple with the conflict in order to reach resolution. 
Thus, the dramatic structure of a mathematical story with a plot twist can be visually represented 
using Freytag’s (1900) model of plot (see figure 1). Each dimension, such as the rising action, 
may need multiple acts to achieve the necessary mathematical progress for that part of the story. 
In our planning template, you will find questions that can help guide a teacher in thinking 
through each part of the mathematical story.  
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Figure 1. The Mathematical Story Planning Framework 
Planning a Fifth Grade Mathematical Story: What’s the Volume? 
When designing a mathematical story, we have found it important to consider both what 
students already know (and don’t yet know) and what essential understandings are appropriate 
for the students’ level of development. In other words, it is impossible to offer surprise or build 
suspense if the students already know how the story ends or if the story is so complex that 
students cannot engage with the content. Using formative assessment, teachers can identify 
students’ understandings and misconceptions and identify potential plot twists. Also, consulting 
the Common Core State Standards of Mathematics (“CCSSM”) or NCTM’s Principles and 
Standards for School Mathematics (2000) can enable a teacher to identify potential content and 
recognize how it is situated more broadly in the overall scope and sequence.  
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When I (the first author) began designing the mathematical story described in this article, 
I started by reviewing the earlier lessons of the unit. Our study of volume, content identified as 
critical for fifth grade in the CCSSM, was underway. At the start, students explored physically 
packing various right rectangular prisms with unit cubes to calculate volume. Packing prisms 
with cubes had become cumbersome, so my students developed a process of covering the base 
layer of a prism with cubes and multiplying by the number of cubes in the height (found by 
measuring its height by stacking cubes in only one corner). After further exploration, students 
later developed the volume formula (i.e., Volume of a right rectangular prism is the product of 
the length, width, and height) once they realized they could determine the volume even more 
efficiently by lining the length and width of the prism, visualizing the number of cubes in the 
base instead of filling it completely.  
In reflecting on these investigations, I noticed that few students mentioned the size of the 
unit cubes provided. While the students had been provided with centimeter cubes in each 
exploration, they knew these cubes only as “unit cubes.”  My observations enabled me to 
recognize that students did not have a sense of how the size of a unit affects the measurement 
problems they solved. In fact, one of my students wondered if specifying the unit of measure was 
even needed, asking: “Do I have to write a label or something after this, or can I just write the 
answer?”    
In response, I designed and enacted the mathematical story described in the following 
section to surprise students that the size of a unit is important as it impacts the resulting measure. 
Additionally, I suspected students would not predict that changing the cubic unit of measure 
requires all three dimensions to be scaled accordingly; therefore, the number of units needed to 
fill a prism is inversely scaled by the cube of the scale factor. I revisited the CCSSM (see 
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standards 5.MD.1 and 5.MD.3.b of the CCSSM) and was further ensured that a mathematical 
story on units of volume would be worthwhile.  
Enacting the Mathematical Story 
 In this section, we describe the mathematical story as it unfolded in the classroom. 
The Hook 
To start the mathematical story, I displayed a paper box with 6-cm side lengths (see 
figure 2) and asked students if they could easily find the number of unit cubes that would fit 
inside. One student remarked, “That will be so easy,” and his classmates agreed. I told my 
students they would work with a partner and needed to keep their work a secret: “Do not allow 
any other pairs to see your process. Don’t even let anyone see your materials.” Students agreed 
and set about finding a private corner of the room.  
 
Figure 2. Materials used for the mathematical story 
At this point, I intentionally withheld information from students. While everyone 
received the same paper prism, half of the pairs had received 1-cm cubes while the other half 
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received 2-cm cubes. As I predicted, the students who received the 2-cm cubes, a new unit, did 
not react to their larger size.  
Rising Action 
During Act 2, pairs used their existing strategies to measure the volume of their prism 
using the given unit cubes. I collected a post-it from each pair with their solution and asked, “Do 
you feel confident your answer is correct? Would you be able to convince someone else you are 
correct?”  I noted that each pair reached an accurate solution using their unit of measure (either 
216 1-cm or 27 2-cm cubes), and all pairs assured me they felt confident about their solution. 
Students showed no evidence that they anticipated conflicting answers existed (or even could 
exist) among their peers; the students were perfectly primed for a plot twist!   
Plot Twist 
At the start of Act 3, the class convened. I held up the paper prism and reminded the class 
that everyone received the same prism. I placed the 12 post-it notes (with “216” and “27”) on the 
board. Aesthetic reactions were evident immediately: “What?!”  “How could anyone have gotten 
that?”  “Am I wrong?”  “Someone is wrong!” I let students remain perplexed for a moment as 
they wondered aloud and expressed confusion until I heard someone say, “Wait a minute, what 
did everyone’s cubes look like?”  
Falling Action 
Rather than answer this question, I instead grouped pairs with opposing answers in 
groups of four to answer this question together throughout multiple activities (i.e., acts). In Act 4, 
student groups compared, analyzed and made sense of their differing results. The groups quickly 
realized that each original pair of students did not use the same unit of measure. Several students 
remarked that they felt “tricked.”  It was easy for students to state that differing units led to 
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differing volumes, but more challenging for them to describe specifically how the two cubes 
differed and how this affected the calculated volume. See figure 3 for a view of the discussion 
guide and one pair’s response.  
 
Figure 3. Student Discussion Guide with student responses. 
In Act 5, I asked groups to share highlights of their discussion with the rest of the class. A 
misconception I predicted emerged, namely students assumed that since the side lengths of the 
larger cube were twice as long as the side lengths of the smaller cube, then the volume of the 
larger cube was also twice as large. The mathematical story shifted toward considering this 
relationship between the units and the volume measurements.  
A new character was introduced in Act 6: a cube with 3-cm side lengths. Under the 
document camera, I used 1-cm cubes to build a 2-cm and a 3-cm cube. One student explained 
there were 27 1-cm cubes inside the 3-cm cube “because it is times three in all three directions. 
It’s three times three times three.” This statement provided evidence that some students were 
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starting to understand that altering the cubic unit of measure requires scaling all three dimensions 
accordingly. 
In a final exploration, Act 7, student groups used the 3-cm cube to solve a problem: “In 
order to fill the box [with length 18-cm and width 9-cm] completely, 126 3-centimeter cubes are 
needed. What is the height of the box?” (Lau Pui Wah, 2015, p. 157). One group explained: “To 
find out how many cubes were in the height, we divided 126 by 18. That got us to know that the 
7 cubes were the height. Each cube had a height of 3 cm, so 7*3=21. That means that the height 
of the box is 21 cm.” 
Resolution 
To pull the mathematical story to a close (Act 8), I asked, “How many times larger is a 2-
cm cube than a one-centimeter cube?  Why?” One student wrote: “You would have to find the 
dimensions (length, width, height). The 1cm cube would have dimensions of 1*1*1(13) and the 
2cm cube would have dimensions of 2*2*2(23) so you would have to multiply all the sides by 2 
and 2*2*2(23) = 8. So the 2cm cube is 8 times the 1cm cube.” This response indicated that the 
tension in the story, starting in Act 3 and further developed in Act 5, was now nearing resolution.  
In the ninth and final act, I emphasized the moral of the story: “The volume of a prism 
depends on the size of the cube used to measure it. You would need many more centimeter cubes 
to fill a prism than you would meter cubes!”  I posed one final question: “So do units matter?” 
My students answered with a resounding “Yes!”   
Planning and Teaching Mathematical Stories 
We argue that plot twists can be powerful tools for generating interest in mathematics. 
Planning for a plot twist requires thoughtfulness about the sequence of events in order to create 
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necessary tension. Just as important, it requires anticipation of student responses and careful 
planning so that a resolution can be effectively reached.  
When leveraged appropriately, a plot twist can shift the posing of questions from the 
teacher to the students. When students experience an unexpected turn of events, questions 
inevitably follow (“How can we have found two different volumes for the same prism?!”). Once 
students become the question-poser, they are more invested in resolving the conflict. 
As a teacher, it can be tempting to answer student questions as soon as they are asked—
especially whenever students are struggling. Yet consider what you would do when starting to 
read a picture book aloud; telling students how the story will end can destroy the motivation for 
listening! In addition to preventing a surprise, answering questions too early can “spoil” aspects 
of mathematical understanding students may otherwise have had the opportunity to develop more 
thoroughly through exploration (Fuson, et al. 2005).  
In addition, when teachers read literary stories with students, asking students to consider 
meaningful questions can support the development of new perspectives. The same is true with a 
mathematical story; without effective questioning, teachers may inadvertently hinder, rather than 
support, productive struggle (NCTM, 2014).  
Implementing the Framework: Advice for Teachers 
 Although this lesson focused on measurement at the fifth-grade level, we are confident 
that intriguing math stories can be enacted for any math content area at any grade level. If we 
have you hooked, consider designing a mathematical story. We recommend that you begin by 
applying the planning framework to lessons in your existing curriculum and use formative 
assessment to determine what your story will be about. Consider how you might surprise or 
intrigue your students (What may achieve an “aha” moment?). To help, we provided an 
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additional example, intended for Grade 3 after students have some basic experience with 
multiplication as repeated addition (see figure 4). 
Figure 4. Another potential mathematical story designed for third grade. 
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Although the Math Story Planning Framework is a planning tool for individual lessons, 
the idea of mathematical story can shape math curriculum at all levels: within a lesson, across a 
year, and even across multiple grade levels (Dietiker, 2015). Teachers, as curriculum shapers, 
can focus on a story told in an individual lesson, but can also zoom out and reflect on how the 
mathematics curriculum at a given grade level builds on previous content and sets up future 
mathematical story opportunities. Teachers have the potential to re-purpose mathematical 
learning with the story lens, making its purpose about answering students’ questions. This 
awareness can also enable teachers to identify aspects of their written curriculum that contribute 
purposefully to a larger story, and can support informed alterations that enhance the students’ 
experience so that we might hear our students regularly exclaim, “I wish we didn’t have to stop 
exploring math!”  
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